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Description 



This invention relates to a Fc receptor for imnnunoglobulin. 

Vaughn et al describe the characterisation of human Fc receptor using monoclonal antibodies in Journal of Immu- 
s nology Vol. 135. No. 6, (1985) pp 4059-4065. Gorini et al In Biochemical Society Transacting Vol. 14. 1986, p 74-75 
describe attempting to characterise the human Fc receptor using antisera raised in rabbits. 

In one aspect this invention relates to a polynucleotide encoding a human Fc receptor for immunoglobulin or a 
fragment thereof capable of binding the Fc region of human Immunoglobulin selected from the extracelluar domain of 
the human Fc receptor and human Fc receptor binding sites, said polynucleotide encoding part or all of the amino add 
10 sequences of Figures 8, 10 and 11 and conservative amino acid variants thereof and allelic variants thereof capable 
of binding the Fc region of human immunoglobulin. 

Murine clones were sequenced and expression of mRNA and the cell surface Fc receptor investigated. The murine 
Fc receptor is a 301 amino acid transmembrane glycoprotein with two homologous extracelluar domains that are also 
homologous to members of the Ig superfamily The Fc receptor has 4 sites of N linked glycosylation and a long 94 
amino acid cytoplasmic tall. Northern analysis of mRNA, immune complex binding and serological studies of cell lines 
and transfectants demonstrated that the receptor encoded by the cDNA clone binds murine lgG2b and possibly other 
Ig. Human FcyR cDNA clones were also isolated and found to encode a glycosylated transmembrane molecule that 
bears striking homology to both the beta 1 and alpha mouse FcR at both the nucleic and amino acid levels. 

The present application describes a receptor for the Fc portion of Immunoglobulin, the receptor exhibiting the ability 
20 to bind to the Fc portion of mouse and human immunoglobulin. 

The receptor preferably exhibits an ability to bind to antibodies and immune complexes, has 

a size of 40-70 kilodaltons, 

is formed from mRNA of a size of about 1.8, about 2.0, about 1.9, about 1.4 or about 2.4 kilobases, and 
25 includes two substantially regularly spaced pairs of Cys residues, two or four potential N-linked glycosylation sites. 

In one instance the receptor Includes the amino acid sequences: - 

30 (a) met leu leu trp thr ala \j a 1 leu asn leu ala ala 

gly thr his asp leu pro lys ala val val lys leu glu pro pro 
t r p lie. 



35 



40 



45 



(b) glu gin thr arg leu ser asp pro val asp leu gly 
val ile, and 



(c) lys gly ser leu gly arg thr leu his gin ser lys 
pro val thr ile thr val gin gly pro lys, and 



(d) glu ala glu asn thr ile thr tyr ser leu leu lys 
his pro glu ala leu asp glu glu thr glu his. 

so In a preferred Instance the receptor Includes at least one of the amino acid sequences:- 



55 



Thr 
A Xa 



(a) Met Glu Ser Asn Trp Thr Val His Val 
Leu Cys His Plet Leu Leu Trp. Thr Ala Val Leu 
Gly, 



Phe Ser Arg 
Asn Leu Ala 
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(b) Cys Glu Gly Thr His Asn Pro Gly Asn Ser Ser Thr 
Gin Trp Phe His Asn Gly Arg Ser lie Arg Ser Gin Val Gin Ala 
Ser Tyr Thr Phe Lys Ala Thr Val Asn Asp Ser Gly Glu Tyr Arg 
C y s • 



10 (c) Cys His Ser Trp Arg Asn Lys Leu Leu Asn Arg lie 

Ser Phe Phe His Asn Glu Lys Ser Val Arg Tyr His His Tyr Ser 

Ser Asn Phe Ser lie Pro Lys Ala Asn His Ser His Ser Gly Asp 

Tyr Tyr Cys. 



(d) Leu Pro Val Leu Thr lie Val Ala Ala Val Thr Gly 



lie 


Ala 


Val 


Ala 


Ala 


lie 


Val. 


lie 


lie Leu Val 


Ser 


Leu 


Val 


Tyr 


Leu 


• 




* 
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Pro 
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Gly 


Ser 


Val Pro Val 
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Pro 


Pro 


Ser 


Gly 


Leu 


Glu 


Pro 


Thr 


Ser 


Ser Ser Pro 
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Pro 


Pro 
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(h) CHSWKDKPLVKV TFFQNG 
KSQKFSRLDPTFS IPQANHSH 
S G D Y H C. 



(i) SPMGIIVAVV I ATAV 
55 VAAVVALIYC. 
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The present invention also provides a vector adapted to encode or to produce a materia! adapted to encode for 
the receptor above or a fragment thereof. 

The present invention also provides a vector adapted to encode or produce a material adapted to encode for the 
leader sequence, extracelluar region, transmembrane region or intracellular region of the receptor above. 

A preferred nucleotide sequence, cDNA clone, gene or vector containing same and capable of encoding for a 
receptor for the Fc portion of immunoglobulin includes the nucleotide sequences:- 

(a) ATG CTA CTG TGG ACA GCC GTG CTA AAT CTT GCT GCT 
GGG ACT CAT GAT CTT CCA AAG GCT GTG GTC AAA CTC GAG CCC CCG 
TGG ATC. 



(b) GAG CAG ACC CGC CTC AGC GAC CCT GTA GAT CTG GGA 
GIG ATT , 



(c) AAA GGA AGT CTA GGA AGG ACA CTG CAC CAG TCC AAG 
CCT GTC ACC ATC ACT GTC CAA GGG CCC AAG, and 



(d) GAG GCT GAG AAC ACG ATC ACC TAG TCA CTC CTC AAG 
CAT CCC GAA GCC TTG GAT GAA GAA ACA GAG CAT. 

In a preferred instance the nucleotide sequence, cDNA clone, gene or vector containing same includes at least 
one of the nucleotide sequences:- 

(a) ATG GAG AGC AAC TGG ACT GTC CAT GTG TTC TCA CGG 



ACT TTG TGC CAT ATG CTA CTG TGG ACA GCC GTG CTA AAT CTT GCT 
GCT G G G • 



(b) TGC GAA GGG ACC CAC AAC CCT GGG AAC TCT TCT ACC 

CAG TGG TTC CAC AAT GGG AGG TCC ATC CGG AGC CAG GTC CAA GCC 

AGC TAC ACG TTT AAG GCC ACA GTC AAT GAC AGT GGA GAA TAT CGG 
TGT . 



I 
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(c) TGC CAT AGC TGG AGG AAC AAA CTA CTG AAC AGG ATC 

TCG TTC TTC CAT AAT GAA AAA TCC GTG AGG TAT CAT CAC TAC AGT 

AGT AAT TTC TCT ATC CCC AAA GCC AAC CAC AGT CAC AGT GGG GAC 
TAC TAC TGC. 



10 



(d) TTA CCA GTA TTG ACA ATT GTG GCT GCT GTC ACT GGG 
ATT GCT GTC GCA GCC ATT GTT ATT ATC CTA GTA TCC TTG GTC TAT 
CTG, 



IS 



20 



(e) 



AAG AAA AAG CAG GTT CCA GCT CTC CCA GGA AAC CCT 



25 



GAT 


CAC 


AGG 


GAA 


TAC 


AG A 


CAG 


CCC 


CC A 


TCT 


GGA 


CTG 


GAT 


CTG 


GAA 


GAA 


TAC 


T C A 


CTC 


CTC 


CAT 


GAT 


TA C 


C A A 



CTT 


CCA 


GAG 


GAA 


GTG 


CCT 


GTC 


AGC 


AGC 


AGC 


CCA 


TAC 


GAG 


GCT 


GAG 


AAC 


GCC 


TTG . 


GAT 


GAA 



30 



(f) AAT TCC GCT CCC AGA AAC CTG TCG CTG CTT CAA CCA 

% 

TTG ACA GTT TTG CTG CTG CTG GCT TCT GCA GAC AGT CAA GCT GCA. 



35 



(g) TGC CAG GGG GCT CGC AGC CCT CAG AGC GAC TCC ATT 

CAC TGG TTC CAC AAT GGG AAT CTC ATT CCC ACC CAC ACG CAG CCC 

AGC TAC AGG TTC AAG GCC AAC AAC AAT GAC AGC GCC. GAG TAC ACG 
TGC. 



40 



45 



(h) TGC CAC AGC TGG AAG GAC AAG-CCT CTG GTC AAG GTC 

ACA TTC TTC CAG AAT. GGA AAA TCC CAG AAA TTC TCC CGT TTG GAT 

CCC ACC TTC TCC ATC CCA CAA GCA AAC CAC AGT CAC AGT GGT GAT 

TAC CAC TGC. 



SO 



(i) TCA CCA ATG GGG ATC ATT GTG GCT GTG GTC ATT GCG 
ACT GCT GTA GCA GCC ATT CTT GCT GCT GTA GTG GCC TTG ATC TAC 
TCC. 



55 
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10 



(j) AGG AAA AAG CGG ATT TCA GCC AAT TCC ACT GAT CCT 

GTG AAG GCT GCC CAA TTT GAG CCA CCT GGA CGT CAA ATG ATT GCC 

ATC AGA AAG AGA CAA CTT GAA GAA ACC AAC AAT GAC TAT GAA ACA 

GCT GAC GGC GGC TAC ATG ACT CTG AAC CCC AGG GCA CCT ACT GAC 

GAT AAA AAC ATC TAC CTG ACT CTT CCT CCC AAC GAC CAT GTC AAC 



DESCRIPTION OF PREFERRED ASPECTS 



Fc receptors (FcR) form a major group of cell membrane glycoproteins involved in homeostasis of the Immuno- 
logical system. Specific receptors for all immunoglobulin (Ig) classes have been defined and are found on a wide variety 

^5 of immune cells - B cells and some T cells as well as myeloid cells and non-haemopoietic cells (Hubscher et al, 1 971 ; 
Dickler, 1976; Tsay et al, 1980; Unkless et al, 1981), The principal role of these receptors is to bind (Ig) via the Fc 
region of the Ig molecule and it Is through this interaction that a wide range of biological effects are mediated. These 
include phagocytosis of immune complexes by macrophages (Leslie, 1980) and neutrophils (Capron et al, 1984) and 
direct or indirect regulation of antibody production by membrane bound or soluble Fc receptor (Yodoi et al, 1980; 

20 Fridman etal, 1981; Kolsch et al, 1983). In the murine system efforts have been devoted to the analysis of the receptor 
for lgG1/lgG2b (Fc(gamma)1/(gamma)2bR) which is important in the binding of immune complexes (Unl^Iess, 1974; 
Kurlander et al, 1984). To investigate these receptors further at both the structural and functional level, as well as to 
study its relationship to other FcR, we have produced a monoclonal antj-Ly-17.2 antibody that defines a genetic poly- 
morphism of the Fc(gamma)R genes (Hibbs et al, 1985). This antibody was used to immunopurify receptors for which 

25 we have:- 

1 . isolated and determined the partial amino acid sequences; 

2. isolated and determined the complete nucleotide sequence of cDNA clones termed pFc24 and pFcll 3 encoding 
the betal Fc(gamma)R receptor. 

30 3. Shown by Northem analysis the presence of multiple FcR transcripts in different cell types, these variant tran- 

scripts are termed beta2 and alpha. 

4. Using the mouse FcR cDNA and oligonucleotide probes (based on pFc 113 DNA sequence) isolated cDNA 
clones termed pFC 3.0, 3.1 and 3.47 encoding human FcRs that are homologous to the mouse FcR. 

35 MATERIALS AND METHODS 

Monoclonal Antibodies: The monoclonal anti-Ly-1 7.2 and Ly-2. 1 antibodies have been previously described (Hibbs 
et al 1985, Hogarth et al 1982). Preparation of F(ab')2 fragments from purified antibody was performed as described 
(16). The 2.4 G2 antibody has also been described before (Unkless 1979). 

40 Purification of FcgammaR: J774 macrophage cells (2x1 0""^) were harvested from ascites fluid obtained from 

(CBAxBALB/c)F1 mice and immediately lysed in cold phosphate buffered saline (PBS) / 0.5% Nonidet P-40 (PBS/ 
0.5% NP40) pH 7.4 containing 1% aprotinin (Sigma, St. Louis, MO) and 1 mM phenylmethylsulfonyl fluoride (Sigma, 
St. Louis, MO). An additional 2x1 0^ cells were surface labeled with ^^S)^ anci pooled with the cold lysate. After lysis for 
1 hour at 4°C, the lysates were clarified and incubated for 1 hour at 4^*0 with anti-Ly-17.2 antibody conjugated Sepha- 

45 rose 4B (Pharmacia, Uppsala, Sweden). The immunoabsorbent was washed three times In 0.6M NaCI, 0.01 25M 
KH2PO4, pH 7.4, three times in PBS/0.5% NP40 pH 7.4 and a further three times in 0.5% deoxycholate in lOOmM 
Tris-HCl pH 8.0. The immunoabsorbent was packed into a column and the bound material eluted with 0.5% sodium 
dodecyl sulfate (NaDodSOJ in 0.1 M triethylamine pH 11 .5 and freeze dried. 

The purity of the Fc gamma R preparations was assessed by NaDodS04/polyacrylamide gel electrophoresis 

50 (NaDodS04/PAGE) and proteins were detected by Coomassie blue staining or by autoradiography. 

Protein Sequence Analysis: Protein samples were carboxamidomethylated and ethanol precipitated prior to se- 
quencing. Briefly, samples were dissolved in 50mM boric acid, 0.1% (w/v) SDS and lOmM dithiothreitol pH 8.0 (NaOH) 
and heated to BO'^C for 1 hour, lodoacetamide was added to a final concentration of 22mM and the samples incubated 
for 15 minutes at ambient temperature in the dark. Ice cold ethanol containing 50mM HOI was added and the protein 

55 allowed to precipitate at -20'*C for 2 hours. The precipitate was collected by centrifugatlon, dissolved in CF3COOH and 
sequenced by automatic Edman degradation using an Applied Biosystems 470A Sequencer (Foster City, CA., USA) 
Sequencing and phenylthiohydantoin amino acid identification techniques have previously been described in detail 
Preparation of FcgammaR Peptides: FcgammaR peptides were obtained by digesting samples of affinity purified, 
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carboxamidomethylated Fc gamma R with either aureus V8 protease (Miles Laboratories) (Hibbs et al 1 986) lysine- 
C proteinase (according to manufacturers instructions, Boehringer Mannheim, Mannheim, FRG) or cyanogen bromide 
(CNBr). Peptides were purified by reverse phase chromatography using a Pharmacia fast protein liquid chromatography 
(FPLC). The proteinase digested material was applied to a Pep RPC HR5/5 (C2/C18) reverse phase column (Phar- 
5 macia) while a Pro RPC HR 5/10 (C1/C8) reverse phase column (Pharmacia) was used to purify CNBr peptides. - 
Peptides were eluted with ascending linear acetonitrile gradients using 20mM ammonium formate as a buffer and an 
absorbance trace at 214nm to detect peptide peaks. Selected peak fractions were then rechromatographed on the 
same column again using linear gradients of acetonitrile but in this case containing 0.1% (v/v) unbuffered CF3COOH 
to promote ion suppression. 

10 Preparation of Oligonucleotide Probes: Oligodeoxynucleotide probes were synthesized by the phosphoramidite 

method using an Applied Biosystems 380A DNA Synthesizer. The oligonucleotide probes were purified from crude 
mixtures by reverse phase HPLC and were radiolabeled with [gamma^^pj/^yp and T4 polynucleotide kinase to 2x10^ 
dpm/ug (Maniatis et al 1 982). 

Library Screening: The cDNA library used in the murine study was kindly provided by Drs N. Gough and A. Dunn 

IS (Ludwig Institute for Cancer Research, Melbourne, Australia) and was constructed using poly A+ mRNA from the FcR+ 
myelomonocytic cell line WEHI 3B (Gough et al, 1 985). The cDNA was GC tailed into the Sad site of the pJL3 vector, 
with the result that all cDNA inserts are flanked by EcoRI sites. Oligodeoxynucleotide probes (Tables 2,3) were con- 
structed using the phosphoramidite method (Winnaker and Dorper, 1 982) and were complementary to mRNA for use 
in Northern analysis. The cDNA library was screened with end labeled oligonucleotide probes using T4 polynucleotide 

20 kinase to >10^ dpm/ug DNA. Hybridisation and washing conditions were as previously described (Hibbs et al., 1 986). 

Northern Blot Analysis of RNA: Poly A+ mRNA was obtained from lysates of in vitro grown mouse cells and normal 
human spleen . PolyA+ mRNA (5ug of potyA-»- or variable amounts of total mRNA) was denatured and electrophoresed 
in 1% agarose gels formaldehyde, transferred to nylon membrane and hybridised overnight (Maniatis et al, 1982). 
Hybridisations with the cDN A probe were performed in 5xSSPE, 0. 1 % SDS, 50% formamide, 0. 1 25% skim milk powder 

25 and lug/ml degraded DNA, at 42°C for 16 hrs. The filters were then washed twice in IxSSPE at room temperature, 
then twice in 0.2xSSPE at 50°C for 16 hrs. Hybridisations with the oligodeoxynucleotide probe were performed in 
SxSSPE, 6% SDS, 10x Denhardts and lug/ml degraded salmon sperm DNA at 42'*G. Filters were washed twice in 
2xSSPE at room temperature then twice in IxSSPE at 42'*C. The cDNA probe was labelled by nick translation and 
unincorporated label removed on a spinning sepharose G50 column (Maniatis et al, 1982). The oligodeoxynucleotide 

30 probe was end labelled with ^^p- atP for 1 hour at ST'^C using T4 polynucleotide kinase then added directly to the 
hybridisation mix (Maniatis et al, 1982). 

Southern Analysis: DNA was prepared from C57BLy6 mouse spleen, human thymus and peripheral blood (Maniatis 
et al, 1982); 20ug of DNA digested with appropriate restriction enzyme according to the manufacturer's instructions 
(Pharmacia, Uppsala, Sweden) was electrophoresed in a 0.5% agarose gel, transferred to a nylon membrane and 

35 hybridised in 5xSSC, 0.1% SDS, 50% formamide, 20mM phosphate buffer pH 6.8 and 0.125% skim milk powder over- 
night with randomly primed or nick translated cDNA at 55°C. Filters were washed 4 times in IxSSC, 0.1% SDS, 0.125% 
skim milk powder then twice in 0;2xSSG, 0.1 % SDS at 55°C, dried and autoradiographed. Southern analysis was 
performed on cDNA clones pFc24, pFcllS, HFc3.47, HFc3.1 and HFc3.0 following EcoRI digestion, electrophoresis 
on 1% agarose gels followed by transfer to nylon membranes (Hibbs et al, 1 986). Filters containing pFc24 or pFc113 

40 were probed as described (Hibbs et al, 1986). Filters containing HFc3.1 HFc3.0 or HFc3.47 were probed with nick 
translated cDNA or end labelled oligonucleotides by hybridisation at 35° in 20% formamide, 5xSSG. 0. 1 % SDS, 0. 1 25% 
skim milk powder for 1 6 hours, then washed in 1 xSSC at 35*C. 

Detection of FcR by EA rosetting: Sheep erythrocytes were washed four times in normal saline. Packed cells (50ul) 
were added to 4ml of trinitrobenzene sulphonate (12.5 mg/ml in phosphate buffered saline (PBS)) and the pH adjusted 

45 to pH 7.2. The mixture was incubated at room temperature for 20' then washed three times. The cells were resuspended 
in 20ml of anti-TNP antibody (K1, lgG2b or A3 IgGI; Lopez et al., 1983) or rabbit IgG anti sheep erythrocytes at a 
subhaemagglutinating dilution to give lgG2b-EA, IgGI -EA or rabbit IgG-EA After a 20' incubation at room temperature, 
the cells were washed twice and resuspended to 1% in PBS + 5% BSA and lOmM azide. EA rosetting for detection 
of FcR was then performed using the sensitized erythrocytes (Parish and Haywood, 1974). 

50 Cell lines: The cell lines used in this study were the BALB/c macrophage tumour J774, BALB/c myelomonocytic 

cell line WEHI 3B, and the AKR thymoma K36. Cell line were maintained In vitro In Dulbecco's modified Eagle's medium 
or RPMI 1640 both supplemented with 10% fetal calf serum. Serological Detection of Ly-17 (FcR) expression: Cell 
lines were tested for FcR expression using a monoclonal anti-Ly-17.2 antibody and rosetting with sheep anti-mouse 
Ig coated erythrocytes (Hibbs et al., 1985; Parish and McKenzie, 1 978). 

55 DNA sequencing: The cDN A inserts of pFc24, pFcl 1 3 were sequenced by either chemical cleavage described by 

Maxam and Gilbert (1980) or Sanger di-deoxy sequencing (Sanger et al., 1977) after subcloning into M13mp8. 
M13mp9, or M13mp18 according to the sequencing strategy outlined in Fig. 3A. The cDNA inserts of the human FcR 
clones were also sequenced by the dideoxy nucleotide method after subcloning fragments into Ml 3 vectors. 
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Isolation of Human FcR cDNA: A human monocyte library (from the human THP-1 cell line) constructed In the 
lamdagtIO vector was used to Isolate human Fc(gamma)R cDNA. Dual screenings were performed using both the 
mouse beta1 cDNA clone and a pool of oligonucleotide probes constructed from the nucleotide sequence of the mouse 
betal Fc(gamma)R cDNA. This pool consisted of three unique probes which corresponded to nucleotides 1 37-185 in 

5 the mouse (N-terminus), nucleotides 545-574 (second extracellular domain) and nucleotide 956-1000 (C-terminus). 
After four rounds of screening, several clones (HFc3,1. 3.0, 3.47) which hybridised with both the murine cDNA and 
oligonucleotide probe pool were isolated and further characterised. Phage DNA was prepared from these. Southern 
hybridisation analysis of EcoRI digested lambda DNA confirmed that the murine betal Fc(gamma)R cDNA probe 
hybridised with cDN A inserts from all clones. Probing southern blots of EcoRI digested HFc3. 1 , 3.0. 3.47 independently 

10 with each of the three murine oligonucleotide probes, showed that only the mouse N-terminal probe hybridised to the 
inserts from HFc 3.1 , 3.0 and only the mouse C-terminal probe hybridised to the 1 .9kb insert from HFc3.47. In addition, 
DNA inserts from HFc3.1, HFc3.0 and HFc3.47 cross-hybridised. The DNA inserts were purified and subcloned into 
the vector pJL4 to give the recombinant plasmids. 



15 RESULTS AND DISCUSSIONS 



Reference is made to the Figures of drawings as follows: 



FIGURE LEGENDS 

20 

Figure 1 . One dimensional NaDodS04/PAGE analysis of the IgG FcR of J774 macrophage cells. Sizes are given 
in kDa. (A) Immunoprecipitation of Fc gamma R from surface iodinated J774 cells. Immunoprecipltations were per- 
formed with anti-Ly-2,1 F(ab')2 (Lane 1) or with antl-Ly-17.2 F(ab')2 (Lane 2). (B) NaDodS04/PAGE and Coomassie 
staining of a typical preparation of affinity purified FcR used for protein sequencing and peptide generation. Lanes 1 -6 

25 represent successive fractions of eluted material from the affinity column (C). Autoradiogram of NaDodS04/PAGE of 
affinity purified '^^^\-\abe\\e6 FcR. Lanes 1-6 are as for B, above. 

Figure 2. Southern blot analysis of pFc24 and pJL3. One microgram of pFc24 (lanes B.D.F) or pJL3 (lanes A,C, 
E) was digested with EcoRI and electrophoresed in 1 % agarose gel. The DNA was transferred onto nitrocellulose and 
hybridised with [32P] labelled probe 1 (lanes A,B), [32P] probe 2 (lanes G,D) and [32P] probe 3 (lanes E.F). Hinfl 

30 fragments of pBR322 DNA were used as markers to estimate the size of the cDNA insert of pFc24 (shown In kb). The 
relative position of pJL3 is also indicated (5.49kb). 

Figure 3. (A) Partial restriction map and sequencing strategy for cDNA inserts of clones pFc24 and pFc113. Re- 
striction enzymes sites shown are A, Alul; B, BamHI; E. EcoRI; S, Sau3A1; and V. Pvull. The EcoRI sites shown are 
present in the polycloning site of the pJL3 vector. The shaded area represents sequence encoding the signal sequence 

35 and coding sequence for the mature protein is located within the open box. Sequence from 5' and 3' untranslated 
regions is indicated by the solid line while unsequenced untranslated regions are represented by the dashed line. 
Sequence was obtained across all restriction sites except for the PstI sites and both strands of the coding region were 
entirely sequenced. 

(B) Nucleotide and deduced amino acid sequence of the mouse FcR encoded by pFC11 3. Amino acids are numbered 
40 above the line in decades commencing at the amino terminal Thr deduced by protein sequencing (Hibbs et al, 1 986). 
Nucleotides are numbered at the end of the line and the 5' and 3' untranslated regions are shown in closed up type. 
The signal sequence is numbered from residue -29 to -1 and the transmembrane region (Tm) is underlined by a broken 
line. The sequences underlined with a solid line correspond to sequences identical to the amino terminal sequence 
(NH2) and to amino acid sequence of peptides (L9, V17, 2V16, 2V8. CNBR, L5, L3, L4, VI 0, V11 ) Isolated from the 
45 immunopurified FcR (Hibbs et al.. 1986). Other notation is as follows: o, first Cys in each domain; 0 second Cys in 
each domain; N-linked glycosylation sites. 

The nucleotide sequence of pFc24 is embodied within the cDNA insert of pFc113 from nucleotides 61 to 1023. 

Figure 4 Amino acid sequence comparison of Fc(gamma)R domains (amino acids 5-116 for domain 1 and amino 
acids 118-175 for domain 2) to each other and to Ig related molecules. Identical residues are boxed and a "-" indicates 

50 a break in sequence for alignment purposes. (A) The FcR domains were aligned with each other to give the optimal 
score using the ALIGN program with a matrix bias of +6 and break penalty of 6 (see text). (B) Alignment of amino acid 
sequences around the first Cys residue of both FcR domains with Cys residues of the corresponding first Cys of domains 
of Ig and Ig related molecules. Amino acids common to FcR domains and other sequences are boxed; V^, MOPC 1 04E 
(Apella, 1977); Vk, MOPC 149 (Nishloka and Leder, 1980); T4, L3T4 (Classon et al, 1986; Tourvieille et al. 1986; G. 

55 Clark, N. Deacon Personal Communication); N-CAM. Neural Cell Adhesion Molecule (Hemperly et al. 1986); Poly IgR, 
Poly Ig Receptor (Mostov et al, 1 984). (C) Alignment of sequences around the second Cys of FcR domains with the 
second Cys of domains of Ig and Ig related molecules as in C above except Vk which is derived from an antidigoxin 
antibody (Novotny and Margolies, 1983). Common residues are boxed as above. (D) Alignment of lambdaJ regions 
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from human (Engelhard and Hilschmann, 1975) and mouse (Apella, 1977), with J-like sequences from the FcR do- 
mains. 

Figures Analysis of FcR mRN A transcripts in mouse cell lines. (A) Northern blot of RNAfrom FcR-erythroleukaemia 
cells F4N (a) or FcR+ WE HI 3B cells (b) probed with 840 base pair Bam HI - Eco Rl fragment of pFc24 (Eco Rl site of 

5 the vector polycloning site). (8) Northern blot of poly A+ RNA from FcR+ cell lines, WEHI 38 (a); J774 macrophage 
cells (b); K36 T lymphoma (c); and FcR- cells F4N (d), probed with an oligodeoxynucleotlde corresponding to nucle- 
otides 542-674 in pFcllS. The position of 28S and 18S rRNA is indicated. 

Figure 6 Southern analysis of the FcR gene. Spleen DNA from 0578176 mice was digested with (a) Hindlll, (b) 
EcoRI or (c) PstI and probed with the 840bp BamHI-EcoRI fragment of pFc24 (see Legend Fig. 3). Molecular size- 

10 markers in Kb(Hlnd III digested lamdaphage DNA) are indicated. 

Figure 7 Southern blot analysis of human FcR clones HFc3.1 (a) and HFc3.47 (b). HFc3.1 or HFc3.47 DNA was 
digested with EcoRI and electrophoresed in 1% agarose gel, transferred to nylon membranes as per the materials and 
methods and hybridised with A, pFc24cDNA; 8, probe 1.5; C, probe 1.10; D, probe alpha or E, probe 1.6. The position 
of the 1 .Skb cDNA insert of HFcS. 1 and of the 1 .9kb insert of HFc3.47 Is indicated on the right hand side of each figure. 

15 Figure 8 Nucleotide and predicted amino acid sequence of the human FcR encoded by HFc3.1 Nucleotides are 

numbered every decade and the translated sequence is found above the nucleotide sequence. Amino acids are num- 
bered above the line and number 1 indicates the N-terminal residue. The incomplete signal sequence is underlined by 
a broken line to residue -1 . The two glycosylatlon sites are marked by stars and the single hydrophobic transmembrane 
region is underlined by a solid line. Cysteine residues involved in disulphide bonding are circled. The "Intronlike" se- 

20 quence is located between the vertical arrows. 

Figure 9 Homology of the human FcR encoded by HFc3.1 cDNA with the mouse alpha and betal Fc(gamma)R. 
Alignment of the nucleotides of the human FcR with both mouse alpha (A) and betal (8) Fc(gamma)R. Breaks (Indicated 
by dashes) in the sequence have been introduced to optimize the alignment. Amino acid residues common to the 
human FcR encoded by HFc3,1 and the alpha FcR (A) or betal (B) are shown by asterisks. The human (HFc3.1), 

25 mouse alpha or beta FcR leader sequence, extracellular domain, transmembrane domain and cytoplasmic domains 
are Indicated by the sequences between the vertical arrows. The cysteine (C) residues within the extracellular domains 
(involved in S-S bonds) are Identified by the solid circles. 

Figure 10 Partial nucleotide sequence and predicted amino acid sequence for HFc3.47 cDNA derived from two 
non-overlapping HFc3.47 fragments and identification of homologous regions in the beta (1 or 2) FcR of the mouse. 

30 The HFc3.47 nucleotide and amino acid sequences are shown as the upper sequences in A and the lower sequences 
in B. Diamonds indicate nucleotide identities where as asterisks indicate amino acid identities. An "X" in the sequence 
indicates an unknown residue. 

Figure 11 Nucleotide and predicted amino acid sequence of the human FcR encoded by HFc3.0. Nucleotides are 
numbered every decade and the translated sequence is found above the nucleotide sequence. Amino acids are num- 

35 bered above the line and number 1 indicates the N-terminal residue. The incomplete signal sequence Is underlined by 
a broken line to residue -1 . The two glycosylatlon sites are marked by stars and the single hydrophobic transmembrane 
region is underlined by a solid line. Cysteine residues Involved in disulphide bonding are circled. 

Figure 1 2 Homology of the human FcR encoded by HFc3.0 cDN A with the mouse alpha and betal FcR. Alignment 
of the nucleotides of the human FcR with both mouse alpha (A) and betal (8) FcR. Amino acid residues common to 

40 the human FcR encoded by HFc3.0 and the alpha FcR (A) or beta 1 (B) are shown by asteriks. The human (HFc3.0) 
mouse alpha or beta FcR leader sequence, extracellular domain, transmembrane domain and cytoplasmic domains 
are indicated by the sequences between the vertical arrows. The cysteine (C) residues within the extracellular domains 
(involved in S-S bonds) are identified by the solid circles. 

Figure 1 3 Northern blot analysis of total RNA isolated from normal human spleen and probed with the cDNA insert 

45 from HFc3.1. The 28s and 18s ribosomal RNAs are indicated. A, 20ug RNA loaded; 8, 5ug RNA loaded; C No RNA. 

Figure 1 4 Southern blot analysis of the human FcR gene. Human thymus DNA (A) and human peripheral leukocyte 
DNA (8) was digested with 1 , Hind III; 2, Pvull; 3, EcoRI and 4, PstI and probed with the cDNA insert from HFc3.1. 
Molecular size markers (Hindlll digested RNA) are indicated. 

Isolation of full length cDNA clone; The Fc(gamma)R has been purified to homogeneity using the anti-Ly-17.2 

50 antibody (Fig. 1). Protein and peptide sequencing studies have enabled one third of the molecule to be sequenced 
(Table 1). Consensus oligodeoxynucleotlde probes constructed from the protein sequence (Table 2) were used to 
isolate a cDNA clone (pFc24). Southern analysis established that the cDNA insert of pFc24 reacted with the probes 
(Fig. 2). Maxam-Gllbert sequencing of the 5' and 3* ends of pFc24 (Fig. 3A,B) indicated it that it was not full length 
since no entire leader sequence or inframe termination codon was apparent at the 5' and 3' ends respectively. A full 

55 length cDNA clone, pFc113 (Fig. 3) was isolated by reprobing the WEHI 38 library with oligodeoxynucleotlde probes 
constructed from the nucleotide sequence of the 5' and 3' ends of pFc24. These probes corresponded to nucleotides 
140-187 (probe 1.5) or 959-1000 (probe 1 .6) (Fig. 38, Table 3) and only clones to which both probes hybridised were 
subsequently Isolated. The cDNA insert of pFc113 contains approximately 2.0 kilobase pairs whereas that of pFc24 
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has only 962bp but is entirely embodied in pFc11 3 between nucleotides 61 and 1023. 

Nucleotide and amino acid sequence: The amino acid sequence predicted from the nucleotide sequence of pFcll 3 
(Fig SB) indicates that mature FcR is a membrane molecule composed of 301 amino acids and Is synthesised with a 
29 amino acid leader sequence. The amino acid sequences of 10 ot 11 peptides we had previously sequenced from 
5 immunopurified FcR were found encoded by pFc113 cDNA (Fig. 3B. Hibbs et al. 1986). Miscalling of several amino 
acid residues during sequencing of the peptides accounts for the differences between the sequence of peptides L5 
and CNBR and the predicted sequence of these regions from the cDNA clone. Also the CNBR peptide is preceded by 
a Trp not the predicted Met but it is known that CNBR will cleave on the C terminal side of Trp residues in acid solutions 

(Ozols etal. 1977). . 

10 Several other Important observations can be made from the predicted amino acid sequence. Firstly, a single trans- 

membrane region of 28 amino acids extends from LeulBO to the sequence Lys209'Lys210-Lys211 and separates the 
94 amino acid long cytoplasmic region from the 179 extracellular amino acids. Secondly, the extracellular portion of 
the FcR molecule contains two regularly spaced pairs of Cys residues, the first pair Cys 28 and Cys 70 separated from 
each other by 41 amino acids and the second pair Cys 109 and Cys 153 separated by 43 amino acids. This regular 

IS arrangement suggests the extracellular portion may be organised into two disulphide bonded domains (see homologies 
below). Thirdly, four potential N-linked glycosylation sites are present in the extracellular region of the receptor, with 
two glycosylation sites located within each of the putative domains. These potential glycosylation sites have been 
verified as being authentic sites of carbohydrate attachment (Green et al, 1 985 and see "Additional Structural Features 
of Murine FcR" below.) 

20 Homologies of Murine FcR: Comparison of the amino acid sequences within the FcR molecule (assessed using 

the Dayoff ALIGN programme, Dayhoff et al, 1983) indicated that there was a significant degree of intemal homology 
within the extracellular domains (Fig. 4A). Using the mutation data matrix, scoring is based on the extent of mutation 
required for amino acid substitution In established protein families. The score for the optimal alignment is then repre- 
sented as the number of standard deviations by which the maximum score for the alignment of two sequences exceeds 

25 the score for a large number of alignments after randomization of the original sequences (Dayhoff et al, 1 983). Arbitrary 
setting of the boundaries of these domains around the pairs of Cys residues showed that alignment of amino acids 
5-86 (FcR. domain 1) with amino acids 88-175 (FcR. domain 2) gave 29% identical residues with an ALIGN score of 
7 1 SD i.e. the probability of such an alignment occuring by chance is >108 and implies the tandem duplication of a 
single domain. Such repeated domain structures are evident in Ig and related molecules that comprise the Ig super- 

30 family (Williams 1 985). To further examine possible homologies to other molecules we undertook computer searches 
of a number of nucleic acid and protein data bases. These revealed the FcR domain 1 was most homologous to munne 
Class II antigens in particular to the Ig like beta2 domain of l-Ebeta and gave a highly significant ALIGN score of 8.3SD. 
In addition to the homology with Class II antigens, other features ot the FcR domains indicate their relatedness to Ig 
superfamily members. The homology to members of the Ig supergene family is seen principally around the Cys resi- 

35 dues. The sequences surrounding cysteine residues 70 and 153 were shown to be highly representative of the con- 
sensus sequence (G!y-X-Tyr-X-Cys) around the disulphide-bonded Cys residue in IgV-region domains. In addition, the 
sequences flanking Cys residues 28 and 109 were indicative of the disulphide-bonded Cys near the amino-terminus 
of the V-region of Ig chains and other Ig related molecules. Furthermore, the Trp residue located 13 residues down- 
stream from Cys 28 and a Phe residue 1 3 residues downstream from Cys 109 are commonly observed in this position 

40 of Ig-like structures. The Ig related molecules Thy-1 and CD4, which also possess these characteristics have been 
shown experimentally to contain intrachain disulphide bonds (Williams and Gagnon, 1982; Classon et al. 1986a). 

It Is clear therefore that the receptor for immunoglobulin shows a common evolutionary ancestry with its ligand but 
comparison of entire Ig and FcR domains shows a low overall homology indicating that they must have diverged rel- 
atively early in evolution. The high degree of homology with MHC Class II molecules is interesting in the light of the 

45 physical association of some FcR with Class II molecules on the cell surface (Dickler and Sachs. 1 974). 

In addition to the poly Ig receptor (see above), we also sought homology to other IgG binding molecules. No 
homology of FcR domains to Staphylococcal protein A (Sjodahl, 1 977) was found. The Fc(gamma)R receptor described 
herein is highly homologous to other betal Fc(gamma)R except for a stretch of 9 amino acids in the cytoplasmic tail 
from Gly241 to Pro249. The discrepancies between the nucleotide/amino acid sequences shown in Fig. 3B may have 
so arisen by the omission of three nucleotides. The nucleotide and predicted amino acid sequence of the betal form of 
the Fc(gamma)R therefore is that shown in Fig. 38. In addition, another form of the Fc(gamma)R is highly homologous 
to the FcR described here -almost certainly being a splice variant. The splice site occurs in the region encoding the 
intracellular domain indicating that the betal and beta2 forms of the FcR have identical extracellular domains. A third 
form of the FcR has also been identified by cDNA cloning studies and designated the alpha FcR The mature alpha 
55 protein shows a little variation from the receptor described herein with approximately 7% variation in amino acid content 
of the ligand binding domains. All major structural features in the domains of the three variants (alpha, betal . beta2) 
are consen/ed. i.e. (4 N-linked carbohydrate side chains, 2 pairs of cysteine residues). Thus molecular analysis of Fc 
(gamma)R clearly indicates that murine FcR are a family of highly homologous proteins. It should also be noted that 
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the Ig binding proteins - protein A and the FcR described herein all have repeated ligand binding domains which may 
be necessary for stability and specificity of ligand binding. 

Additional Structural Features of Murine FcR: We have demonstrated that adjacent pairs of cysteine residues In 
purified Fc(9amma)R are involved in disulphide bonding. Protein was purified by affinity chromatography then digested 

5 with proteolytic enzymes either before or after reduction of disulphide bonds with dithlothreitol. 

Digests were then fractionated by reversed-phase chromatography. Peptides present in the digests of unreduced 
Fc(gamma)R but absent from the digested reduced Fc(gamma)R were sequenced and shown to correspond to disul- 
phide-bonded peptides. The results obtained indicated that Cys 28 is disulphide-bonded to Cys-70 and that Cys-109 
and 153 are involved in disulphide bonding. 

10 Extensive peptide sequencing has also determined that four possible N-linked glcyosylation sites in mouse Fc 

(gamma)R are in fact authentic sites of carbohydrate addition. This was judged by the absence of an asparagine in 
the expected position in the peptide sequence. 

Expression of mRNA: Analysis of FcR expression in cell lines was then performed by Northern blotting. Two mRNA 
transcripts were evident when probing poly-A+ mRNA from the WEHI 3B cell line, with nick translated cDNA (Fig. 5A). 

IS These transcripts were absent from the FcR cell line F4N. Since there is FcR heterogenity with respect to both spe- 
cificity and expression in cell lineages (DIckler, 1976; Unkless et al, 1981; Teillaud et al, 1985; mRNA from cell lines 
of different lineages was examined (Fig. 5B) using an oligodeoxynucleotide probe (probe 1.10) (corresponding to nu- 
cleotides 545-574) that hybridised to both transcripts in WEHI 3B cells (Fig. 5B, track a). Northern blots showed that 
while both transcripts were present in the myelomonocytic cell line WEHI 3B, the lower Mr species was predominant 

20 in J774 macrophage cells (Figs 58, track b) and was completely absent from the FcR^T lymphoma K36, where only 
the higher Mr species could be detected. The presence of multiple Fc(gamma)R mRNA transcripts (termed alpha, 
beta1 and beta2, beta1 being Identical to that encoded by pFc113 described herein) in different cell types was also 
. noted. 

Relationship of mRNA transcripts and surface FcR: To establish the relationship between mRNA transcription and 
25 surface Fc(gamma)R expression, we investigated the presence of mRNA transcripts by Northern analysis using oli- 
gonucleotide probes specific for the betal, beta2 and alpha transcripts (Table 3) and compared this with immune 
complex binding (using rabbit IgG and various IgG isotypes) and whether the cells were Ly-17.2+ or 2.4G2+ at the 
surface (Table 4). 

The results indicate that the betal Fc(gamma)R is the receptor for lgG1/2b, heterologous IgG and possibly other 

30 Ig since cells which express only the betal receptor only can bind lgG1/lgG2b as well as rabbit IgG coated erythrocytes 
(Table 4). In addition, K36 cells have the Ly-17.2+ and 2.4G2+ molecules which have been shown to be identical and 
are epitopes on the Fc(gamma)R molecule (Unkless, 1979; Hibbs et al, 1985; Holmes et al, 1985). Furthermore, an- 
tibodies to these molecules completely inhibit the binding of lgG1/2b and rabbit IgG complexes to the cell surfaces. 
Thus the betal variant must code for molecules which have Fc binding ability and the epitopes detected by the 2.4G2 

35 and Ly-17.2 antibodies. Both the Ly-17.2 and 2.4G2 epitopes are clearly present on the betal and beta2 molecules 
since both antibodies were used to purify these molecules for amino acid sequencing In this study. Finally, the 
pFcl 1 3'cDN A (in the pKC3 vector) described herein was transfected into FcR negative LTA-5 cells resulting in expres- 
sion of FcR (Ly-17.2) on the cell surface (Table 4) Indicating that this clone encodes an immunoglobulin binding FcR. 
The Interactions of the alpha and beta2 receptors with antibody and immune complexes remains to be precisely de- 

40 termined. WEHI 3B and J774 cells both express alpha aiid betaf mRNA transcripts but only J774 cells express beta2 
mRNA although both bind lgG1/2b and rabbit IgG complexes and are Ly-17+ (Table 4). Whilst cDNA expression ex- 
periments will be needed to define the specificity of these receptors, it Is likely that the alpha, betal and b6ta2 receptors 
will have the same binding properties of immune complexes. Southern Blot Analysis: Southern hybridisation studies 
were performed to determine whether the heterogeneity observed at the mRNA and protein levels was also apparent 

45 in the genome (Fig. 6). Probing of murine spleen DNA digested with Hind 111 or Pst I (Fig. 6, tracks a,c) generated two 
fragments to which the cDNA hybridised. Digestion with Eco Rl (track b) also produced two major and several other 
weakly hybridised fragments. Thus it appears likely that only a single, or few, copies of a highly conserved gene are 
present in the genome. The heterogeneity of receptors shown by serological studies, together with the presence of 
multiple mRNA transcripts Indicates the receptors are likely to be a family of homologous proteins. 

so 

Isolation of Human Fc(gamma)R cDNA Clones: 

Since human Fc can bind mouse and human immunoglobulin and have many similarities with mouse FcR, (DIckler, 
1 976; Anderson and Abraham, 1 980. Kulczycki et al, 1 981 ; Perussia et al, 1 983; Dorrlngton and Klein, 1 983), it is likely 
55 that there is a high degree of structural and functional homology which conserved at the nucleic acid and amino acid 
levels. Thus we used the mouse cDNA pFc24 and a combination of oligonucleotides, probes 1.5, 1 .6, 1.10 (Table 3) 
to screen a library constructed from mRNA isolated from human acute monocytic leukaemia cells THP-1. Several 
clones were isolated including HFc3.0, HFc3.1 and HFc3.47. The results (Fig. 7) demonstrated that, 1 . pFc113 cDNA 
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hybridised to the cDNA inserts of HFc3.1 and HFc3.47; 2. probe 1 .5 hybridised to HFc3.1 cDNA but not to HFc3.47; 
3. probe 1.10 hybridsed weakly to HFc3.1 cDNA but not to HFc3.47; 4. probe alpha did not hybridise to either clone 
and 5. probe 1 .6 hybridised to HFc3.47 but not HFc3. 1 . None of the probes, except probe 1 .6. hybridised to the lambda 
arms - the hybridisation of probe 1 .6 to the lambda arms was due to incomplete digestion prior to Southern transfer. 
5 The likely homology of the HFc3.1 and HFc3.47 cDNA clones to the mouse cDNA clones was then confirmed by 
nucleotide sequencing. 

Characterisation of Human FcR cDNA: The human cDNA Inserts were subcloned into plasmid vectors. The com- 
plete nucleotide sequence of a cDNA encoding the human Fc(gamma)R and its predicted amino acid sequence is 
shown in Fig. 8. Clone HFc3.1 contains sequence encoding the mature Fc(gamma)R protein and most of the leader 

10 sequence, as well as the entire coding sequence. The high degree of homology seen both at the nucleotide and amino 
acid level, between the mouse FcR sequences and the sequence of HFc 3.1 , confirms that this clone encodes human 
FcR. The complete amino acid sequence of the human FcR, aligned with the sequences of mouse alpha and betal 
FcR is shown (Fig. 9A,B). Breaks have been Introduced to optimize the alignment. The incomplete leader sequence 
of the human FcR encoded by HFc 3.1 is highly homologous to the leader sequence of the mouse alpha FcR (56% 

15 conservation of amino acids) (Fig. 9A) but bears no homology to the mouse betal Fc(gamma)R leader sequence (Fig. 
98). The N-terminus of the human Fc(gamma)R has been predicted on the basis of homology to the mouse alpha Fc 
(gamma)R N-terminal sequence. The region between the N-terminus and the first cysteine residue is the most highly 
consented region between the two species, showing 71 and 73 percent amino acid homology with the murine betal 
and alpha Fc(gamma)R respectively (Fig. 9A,B). There is also a high level of amino acid consen/ation in the remaining 

20 extracellular portion between FcR of mouse and man. Like the mouse, the extracellular region is divided into two 
disulphide-bonded domains: the first pair of cysteine residues being separated by 41 amino acids and the second pair 
by 43 amino acids. Both disulphide bonded domains bear striking homology to the mouse betal and alpha Fc(gamma) 
R. Amino acid sequence comparison of the first domain shows approx. 56 percent conservation between the human 
FcR and both mouse alpha and beta Fc(gamma)Rs (Fig. 9A,B). Similarly, there is approx. 56 percent conservation of 

25 amino acids in the second domain between the human Fc(gamma)R and mouse alpha and beta FcRs. 

Two potential N-linked glycosylation sites are present in the extracellular region of the human FcR (one in each of the 
domains) (Fig. 8) and correspond to two of the four sites present in both mouse alpha and betal Fc(gamma)Rs (Fig. 
3B). The human Fc(gamma)R has a transmembrane region of 28 amino acids extending from residue 219 to the 
hydrophilic stop transfer sequence Arg (245) - Lys (246) - Lys (247) - Arg (248) (Fig. 8). This transmembrane sequence 

30 is highly homologous to the mouse betal Fc(gamma)R (50 percent amino acid homology).but shows no homology to 
the transmembrane sequence of the mouse alpha Fc(gamma)R receptor (Fig. 9A,B). 

An in frame termination codon is found at nucleotide 1040 yielding a 75 amino acid intracytoplasmic domain. 
Comparison of the cytoplasmic domains of both mouse Fc(gamma)Rs with the human Fc(gamma)R shows little identity 
of either nucleotides or amino acids (Fig. 9A,B). 

35 As well as the very low level of homology obsen/ed between mouse and human Fc(gamma)R cytoplasmic domains, 
another clear difference between the mouse and human FcR sequences was apparent. The human FcR sequence 
contained an additional 117 nucleotides which result in an insertion of 39 amino acids between the two extracellular 
domains (Fig. 8). This sequence is absent from mouse FcRs (Fig. 3B. 9A,B) and most likely represents an intron 
sequence. This is inferred from the sequencing of murine genomic clones. 

40 The striking homology of this human Fc(gamma)R to both alpha and betal murine Fc(gamma)Rs in the extracellular 

domain may reflect the fact that human FcR bind mouse IgG and mouse FcR bind human Ig. The cytoplasmic domain 
of the human HFc3. 1 FcR is totally unique and bears no resemblance to either mouse alpha, betal or beta2 intracellular 
domains. This difference could mean the presence of a homologous product in the mouse which has yet to be detected 
or may reflect the evolutionary divergence of the human and mouse proteins in a region where there may be a high 

45 rate of mutation. 

Partial nucleotide sequence of HFc3.47 has also revealed homology with the mouse FcRs (Fig. 10). Two non- 
overlapping fragments were sequenced and the first fragment (Fig. 10A) revealed 80% nucleotide homology with the 
corresponding sequence in betal FcR (nucleotides 629-733). This sequence is present in beta2 and a similar sequence 
In alpha. The second fragment shared 72% nucleic acid homology with nucleotides 959-1015 of the betal FcR. this 

50 sequence also being present in the beta2FcR but not alphaFcR. 

An additional variant sequence was also obtained from the THP-1 library HFc 3.0, the sequence of which is shown 
in Fig. 11 . Like HFc 3.1, HFc 3.0 encodes a protein highly homologous to the mouse alpha and beta FcR receptors 
(Fig. 1 2A,B). The nucleotide sequence HFc 3.0 is identical to HFc 3.1 with the exception of a large segment (nucleotides 
338-455 in HFc 3.1) between the two disulphide bonded domains which has been deleted in HFc 3.0. The protein 

55 encoded by HFc 3.0 has an extracellular ligand binding region consisting of two disulphide bonded domains each with 
a site of attachment for N-linked carbohydrate. In addition, the encoded protein has a 28 amino acid transmembrane 
region and 75 amino acid cytoplasmic tail. The extracellular region shows an overall homology of 67% identical amino 
acid residues and the transmembrane region has 14 of 28 amino acid identities with the mouse betal and beta2 
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transmembrane region (Fig. 12A,B). 

Expression of Human FcR mRNA: Northern blots were performed to analyse FcR expression in normal human 
spleen. Two mRNA transcripts were apparent after probing total mRNA from normal human spleen with the cDNA 
insert from pHFc 3.1 (Fig. 13). The presence of at least two hybridising mRNA species in human spleen probably 

s indicates that, like the mouse, there are multiple human FcR proteins arising from either one or more genes. 

DNA Analysis; Southern analysis of human genomic DNA from thymus and peripheral blood leukocytes (PBL) 
(Fig. 14) demonstrated that identical restriction fragments were present in thymus and PBL DNA when digested with 
the same restriction enzyme. This indicates that since thymocytes are mostly FcR- and PBLs mostly FcR-t-, that the 
FcR gene is not rearranged. In addition since there were only a few major hybridising restriction fragments it is likely 

10 that there is a single or few copies of a highly conserved gene in the human genome. 

Since human FcR can bind mouse and human immunoglobulin and have many similarities with mouse FcR, (DIckler, 
1 976; Anderson and Abraham, 1 980, Kulczycki et al, 1 981 ; Perussia et al, 1 983; Dorrington and Klein, 1 983), it is likely 
that there is a high degree of structural and functional homology which conserved at the nucleic acid and amino acid 
levels. Thus we used the mouse cDNA pFc24 and a combination of oligonucleotides, probes 1.5, 1.6, 1.10 (Table 3) 

IS to screen a library constructed from mRNA isolated from human acute monocytic leukaemia cells THP-1. Several 
clones were isolated including HFc3.1, 3.0 and 3.47. Southern analysis of EcoRI digested DNA prepared from each 
of these clones showed that the mouse betal cDNA (from pFC24) hybridised to the cDNA insert of each HFc clone. 
I.e. HFcS.O. HFc3.47, HFc3.1. The oligonucleotide probe 1.5 hybridised to the cDNA insert of HFc3.1 and 3.0 and the 
oligonucleotide probe 1 .6 to the cDNA insert of HFc3.47. The cDNA inserts were purified and subcloned into Ml 3mp8 

20 and M13mp9 bacteriophages and sequenced by the dideoxynucleotide method according to the strategy outlined in 
Fig. 7a. After sequencing, these clones showed homology with the mouse Fc(gamma)R and indeed identify the Fc 
(gamma)R. This strategy and similar could be used to Isolate the Fc(gamma)R of any species. 

IMPORTANCE OF DIFFERENT PARTS OF THE SEQUENCE 

25 

The amino acid sequence is divided into several parts (Figs. 38, 8, 9, 11 , 12 )> 

Leader sequence 
Extracellular Region 
. 50 Transmembrane Region 

Intracellular Region (Cytoplasmic Region) 

The Leader Sequence. 

-35 ■ ■ The leader sequence of 29 amino acids in the betal FcR allows translocation of the nascent protein across the 
endoslasmic reticulum. The key point of this sequence is its hydrophobic nature (required for membrane Insertion) and 
substitution, addition or deletion of one or more hydrophobic (noniaolar) amino acids would not substantially alter this 
function (see list later). 

40 Extracellular Region. 

The extracellular region (FOR) consists of 179 amino acids; their function is to act as the receptor for the Fc piece 
of Ig molecules. This binding site has not yet been identified but comments on the nature of the sequence are relevant, 
(a) The FcR Is divided into two domains by cysteine residues, Domain 1: Cys 28 - Cys 70; Domain 2: Cys 109 - Cys 
45 153. Both of these domains may have FcR activity as they are highly homologous. Within each domain all or most of 
the amino acids are likely to be involved in Ig binding as they are conserved - the two domains are conserved in man 
and mouse, (i) Thus when the murine sequences are compared for internal homology (i.e. domain 1 and domain 2) 
they are very similar, (ii) Further, when domain 1 of mouse is compared with that of man, each contain 43 amino acids, 
of these 24 are identical and in the identical position, of the 19 differences 8 are conservative changes in that only 1 
so nucleotide has been changed, and of the remaining changes, 6 of the 1 9 are in the same amino acid group (see below) 
and 13 are in different groups. 

Thus the whole sequence in the domain or minor variations thereof are most likely to be involved in Ig binding. 

The amino acids substituted belong to the same groups and would therefore not substantially alter the tertiary 
structure of the molecule and the groupings of amino acid are:- 

55 

(i) non-polar amino acids : A,V,L,I,P,F,M,W. 

(ii) basic side chain : K,R,H 

(iii) acidic side chain : E.D 
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(Iv) polar side chain : G,N,Q,C,S,T,Y 

A, ala = alanine; C. cys = cysteine; D, asp = aspartic acid; E, glu = glutamic acid; F, phe = phenylalanine; G. gly 
- glycine; H, his = histidine; I. ile isoleucine; K, lys = lysine; M, nnet = methionine; N, asn = asparagine; R pro - proline; 
Q, gin = glutamine; R, arg = arginine; S, ser = serine; T, thr = threonine, V, val = valine; W. trp = tryptophan; Y, tyr = 
tyrosine. 

Transmembrane Region. 

This consists of 28 amino acids and extends from Leu 180 - Lys 209 in mouse beta1 FcR. The key feature of this 
is the hydrophobic nature of the sequence is required as this portion interacts with the hydrophobic cell membrane and 
anchors the molecule in the cell membrane. Because of the hydrophobic nature, it follows that minor alterations of 
sequence - substitution of one non-polar amino acid by another, would not alter the essential function of the transmem- 
brane region. It should be noted that such hydrophobic (non-polar) amino acids are alanine (A); valine (V); leucine (L); 
isoleucine (I); proline (P); phenylalanine (F); methionine (M) and tryptophan (W). 

Intracelluar Region. 

The intracellular region is involved In signal transmission - obtained when the Fc of Ig binds to the FcR. The mode 
of signal transmission is unknown. A useful sequence of the FcR is described; it is likely that variations of this sequence, 
obtained by deletion of parts of the whole sequence, could also function in signal transmission. The region of the betal 
receptor that is spliced out in beta2 is important in cells expressing these molecules. 

Variants on the materials the subject of this specification are possible:- 

The nucleotide sequences encoding the receptor can be variable:- 

1 . Because of the degeneracy of the genetic code nucleotide change does not necessarily bring about a change 
in the amino acid encoded, e.g. the codon GUU specifies a valine residue as do the codons GUG, GUA, GUG 
each being different by a single nucleotide. 

2. Two or three nucleotide changes can give rise to the same amino acid, e.g. codons UUA, UUG, GUU, GUG, 
QUA, CUG all encode Leucine. Codons AGU, UCC, UCU, UCA, UGG encode serine. 

3. Changing one or two nucleotides may result in a conservative amino acid change unlikely to greatly affect the 

function of the protein, e.g. codon UUG specifies leucine and AUU specifies isoleucine. Also UGG specifies try- 
phophan and UUU specifies phenylalanine - all conservative changes. 

4. Allelic variations. Variations in nucleotide sequence and amino acid sequences of the encoded protein as well 
as resultant may occur between individual members of the same species. These variations arise from changes in 

. the nucleotide sequences encoding the protein. Thus different forms of the same gene (called alleles) give rise to 
protein of slightly different amino acid sequence but still have the same function. 



Table 1 . 



The N-terminal sequence of the Fc receptor and amino acid sequences of Fc receptor peptides. 


Peptide 


Sequence 


NH2-terminal 


THDLPKAVVKLEPP 


L3 


KGSLGRTLHQSK 


L4 


KPVTITVQGPK 


L5 


KSVRHHYSS-FSIPK 


L9 


KAWKLEPPWIQLVK 


V4 


ELSTTGGNSG(S)P(V)(K)N 


V8 


EQTRLSDPVDLGVI 


V10 


ENTITYSLLKHPE 


V1 1 


EAENTITYSLLKHPE 


Vie 


THDLPKAWKLEP-IQV 


VI 7 


THDLPKAWKLEPPWIQV 


CNBr-1 


MRNKHLNRIVFL(Q/T)N(Y)(K) 
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3S 



40 



Table 1. (continued) 



The N-terminal sequence of the Fc receptor and amino acid sequences ot Fc receptor peptides. 



Peptide 



Sequence 



indicates an unassigned residue 
( ) indicates an uncertain assignnnent. 



10 



IS 



Table 2. Amino Acid Sequences of lysine-C peptides of the murine Fc 
receptor and corresponding nucleotide sequence of oligonucleotide probes. 
Oligonucleotide probes uiere constructed on the basis of codon usage 
frequencies and synthesised to be complementary to mRNA. 



13 



(Lys)-Gly-Ser-Leu-G ly-Arg-Thr-leu-His-Gln-Ser-Uys 



20 



25 



Probe 1 3' UUC-CCU-AGG-GAC-CCU-UCU-UGG-GAC-GUG-GUe-AGG-UUC 5* 



L4 



(Lys)-Pro-Val-Thr-Ile-Thr-Val-Gln-Gly-Pro-Ly3 



Probe 3 3' UUC-GGU-GAC-UGG-UAG-UGG-GAC-CUC-CUU-GGU-UUC 5' 



30 



L5 



(Lys)-Ser-\/al-Arg-Tyr-Gly-Gly-Tyr-5er-5er-5er-Phe-Cys-Il9-Pro-Lys 



Probe 2 3' UUC- AGG-CAC-UCU-AU G-CCU -CCU - AUG-AGG-ACG- AGG-A AG-ACG-UAG-GGU:-UUC 5* 



45 



50 



55 
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Table 3. Oligodeox/nucleotide probes used in this study 

Name Sequence^ Corresponding 

sequence in 
pFc113 cDNA 

Probe 1 .5 5'ACGGGGGCTCGAGTTTGACCACAGCCTTTGGAAGATCATGAGTCCCA 
Probe 1 .6 5 * TTCGGGATGCTTGAGGAGTGAGTAGGTGATCGTGTTCTCAGCCTCS ' 
Probe 1.10 5 'GTGGTTGGCrTTGGGGATAGAGAAATrACrS ' 
Probe alpha 5 * AGGGAGAAAGCAGTGTGGTACCAGAC3 ' 
Probe betal 5 * CTGTCTGTACTCACCTACTTCCTCTGGAAG 
Probe beta2 5 * AGGAGGATTGTCTGGAACCTGCTTS * 



G3* 135-1B2** 
956-1 000»<* 
545-57A»* 

821-850**, 



* Sequences complementary to mRNA 

** Sequences from this paper and Hibbs et al 1966 



Table 4. 



Comparison of Immune Complex Binding and FcR mRNA synthesis 


Cell line (Type) 


FcR mRNA* variant 


%EA rosettes** 


%Ly-17+ cells'* 






gammal /gamma2b 


Rabbit Ig 




K36 


betal 


>99 


>99 


>99 


(T lymphoma) 
WEHI 3B 


alpha, betal 


>99 


>99 


>99 


(myelomonocytic) 
J774 


alpha, betal , beta2 


>99 


>99 


>99 


(macrophage) 
Transfectants+ 


NT 


NT 


NT 


70 



* alpha, betal , beta2 mRNA transcripts detected by Northern analysis using specific oligonucleotide probes (1able 1). 



** % EA resetting cells detected using lgG2b monoclonal antl-TNP antibodies or rabbit IgG anti sheep erythrocytes (see Materials and Methods). 
■* determined by sheep anti-mouse Ig resetting with anti-Ly-17.2 monoclonal antibody. Background levels of rosette formation were determined using 
an irrelevant antibody and were <5%. These cells are also tested with 2.4Q2 antibody and show identical reactions to the Ly-17.2 antibody. 
NT= not tested. 

+ The Pst-1 fragment of the pFc113 cDNA insert was subcloned into pKC3 and transfected into LTA-5 cells using the CaCt2 method. 
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A deposit of the material referred to herein as pFc24. pFc11 3. HFc3.0, HFc3.1 and HFc 3.47 was made with ATCC 
on or about 29th May, 1987 and with Or. George Hodges of the Cancer Institute (also known as the Peter McCallum 
Clinic) of 481 Little Lonsdale Street, Melbourne, Victoria, Australia under terms and conditions permitting access to 
members of the public. 



Claims 

1. A non-naturally occurring polynucleotide encoding a human Fc receptor for immunoglobulin or a fragment thereof 
capable of binding the Fc region of human immunoglobulin selected from the extracelluar domain of the human 
Fc receptor and human Fc receptor binding sites, said polynucleotide encoding part or all of the amino acid se- 
quences of Figures 8, 1 0 and 1 1 and conservative amino acid variants thereof and allelic variants thereof capable 
of binding the Fc region of human immunoglobulin. 

2. A non-naturally occurring polynucleotide according to Claim 1 comprising nucleotides 84 through 924 of Figure 11 
or variants thereof encoding the amino acid sequence encoded by nucleotides 84 through 924 of Figure 11 and 
consen/ative amino acids variants thereof and allelic variants thereof capable of binding the Fc region of human 
immunoglobulin. 

3. A non-naturally occurring polynucleotide encoding a fragment of the human Fc receptor for immunoglobulin ac- 
cording to Claim 1 comprising nucleotides 84-601 of Figure 11 or variants thereof encoding the amino acid se- 
quence encoded by nucleotides 84-601 and conservative amino acid variants thereof and allelic variants thereof 
capable of binding the Fc region of human immunoglobulin. 

4. A vector comprising a polynucleotide sequence as claimed according to any one of Claims 1 to 3. 

5. A host cell containing a vector according to Claim 4. 

6. A method of producing a human Fc receptor for immunoglobulin or a fragment thereof capable of binding the Fc 
region of human immunoglobulin selected from the extracelluar domain of human Fc receptor and human Fc 

receptor binding sites comprising taking the host cell of Claim 5 and expressing the human Fc receptor for immu- 
noglobulin or fragment thereof in said host. 



Patentanspruche 

1. Ein nicht natOrlich vorkommendes Polynukleotid, welches fur einen humanen Fc-Rezeptor f Or Immunglobulln Oder 
f Or ein Fragment desselben kodiert, welches in der Lage ist, die Fc-Region von humanem Immunglobulin zu binden, 
ausgewahit aus der extrazellularen Domane des humanen Fc-Rezeptors und humanen Fc-Rezeptorblndungsstel- 
len, wobei das besagte Polynukleotid fur einen Teil oder alle der Aminosauresequenzen der FIguren 8, 10 und 11 
und konsen/ative Aminosaurevarianten derselben und allelische Varianten derselben kodiert, welche in der Lage 
sind, die Fc-Region von humanem Immunglobulin zu binden. 

2. Ein nicht naturlich vorkommendes Polynukleotid nach Anspruch 1, umfassend die Nukleotide 84 bis 924 aus Figur 
11 Oder Varianten derselben, welche fur die Aminosauresequenz, die durch die Nukleotide 84 bis 924 der Figur 
11 kodiert wird, und konservative Aminosaurevarianten derselben und allelische N^rianten derselben kodieren, 
welche in der Lage sind, die Fc-Region von humanem Immunglobulin zu binden. 

3. Ein nicht naturlich vorkommendes Polynukleotid, welches fur ein Fragment des humanen Fc-Rezeptors fur Im- 
munglobulin kodiert nach Anspruch 1 , umfassend die Nukleotide 84-601 aus Figur 11 oder deren Varianten, welche 
fur die Aminosauresequenz, die durch die Nukleotide 84-601 kodiert wird, und konservative Aminosaurevarianten 
derselben und allelische Varianten derselben kodieren. welche in der Lage sind, die Fc-Region von humanem 
Immunglobulin zu binden. 

4. Ein Vektor enthaltend eine Polynukleotidsequenz gemaG einem der Anspruche 1 bis 3. 

5. Eine Wirtszelle enthaltend einen Vektor gemaB Anspruch 4. 
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6. Verfahren zur Herstellung eines humanen Fc-Rezeptors fur Immunglobulin oder eines Fragmentes desselben. 
welcher in der Lage ist, die Fc-Region von humanem Immunglobulin zu binden, ausgewahit aus der extrazellularen 
Domane des humanen Fc-Rezeptors und der humanen Fc-Rezeptorbindungsstelle, umfassend die Bereitstellung 
der Wirtszelle gema3 Anspruch 5 und die Expression des humanen Fc-Rezeptors fur Immunglobulin oder eines 
Fragmentes desselben in dem besagten Wirt. 

Revendications 

1. Polynucleotide non naturel codant pour le recepteur Fc humain de rimmunoglobuline ou un de ses fragments 
capable de se Her a la region Fc de rimmunoglobuline humalne choisi parmi le domaine extracellulaire du recepteur 
humain Fc et les sites de liaison du recepteur humain Fc, ledit nucleotide codant pour une partie ou la totalite des 
sequences d'amino-acides des Figures 8, 10 et 11, et leur variants conservant les amino-acides ainsi que leur 
variants alleliques capables de se lier a la region Fc de rimmunoglobuline humaine. 

2. Polynucleotide non naturel selon la revendication 1 comprenant les nucleotides 84 a 924 de la Figure 11 ou des 
variants codant pour la sequence d'amino-acides cod6e par les nucleotides 84 k 924 de la Figure 11 et leurs 

variants conservateurs d'amino-acides ainsi que leurs variants alleliques capables de se lier a la region Fc de 
rimmunoglobuline humaine. 

3. Polynucleotide non naturel codant pour un fragment du recepteur Fc humain de rimmunoglobuline selon la reven- 
dication 1 comprenant les nucleotides 84-601 de la Figure 11 ou des variants codant pour la sequence d'amino- 
acides codee par les nucleotides 84-601 et des variants conservateurs d'amino-acides ainsi que des variants 
alleliques capables de seller k la region Fc de rimmunoglobuline humaine. 

4. Vecteur comprenant une sequence polynucleotidique selon I'une quelconque des revendications 1 k 3. 

5. cellule hdte contenant un vecteur selon la revendication 4. 

6. Procede de production d'un recepteur Fc humain de rimmunoglobuline ou un de ses fragments capable de se lier 
a la region Fc de rimmunoglobuline humaine, choisi parmi le domaine extracellulaire du recepteur humain Fc et 
les sites de liaison du recepteur humain Fc, consistant k prendre la cellule hdte de la revendication 5 et ^ exprimer 
le r^ceptur Fc humain de rimmunoglobuline ou son fragment dans ledit hdte. 
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Figure 2 
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Figure 5 
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Figure 7A 
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Figure S 

N S G P R N^^L W L L Q P L T_U L L L^J. A_ _S 

G A A ff C C G GT C C C^^ G^^ A C CT GT G G CT G CTT 5^^ A C CA^ 

10 20 30 40 50 GO 70 

-1 

A S_ Q..A_ AAPPKAVLKLEPPW I N^L 

CTbCAQACAQTCAAGCTGCAQCTCCCCCAAAGGCTQTGCTGAAACTTGAGCCCCCGTGGATGAACGTGCT 

80 90 100 110 120 - 130 140 

QEDSV^TLT(c)QGARSPE SDS I QWF 
CCAGGAGGACTCTGTGACTCTGACATGCCAGQQQGCTCGCAQCCCTGAGAGCQACTCCATTCAQ 

150 160 170 180 130 200 210 

★ 

HNQNLI PTHTQPSYRFKANNNDSG 
CACAATGGGAATCTCATTCCCACCCACACGCAGCCCAGCTACAGGTTCAAGGCCAACAAC^ 

220 230 240 250 260 270 280 

eyt(c)qtgqtsusdp^^hltulsJ;sq 
qgqaqtacacqtwcaqactqqccaqaccagcctcagcgaccctgtqcatctgactqtgctt^ 

290 300 310 320 330 340 350 

WRKAPGWTWEQPQRMKSUYRQRF 
GTGGAG6AAGGCCCCV^GGGTGGACCTGGGAGGGGCCAGGACGGATGAAATCTGTTTACAGAC>^GAGGTT^ 
360 370 380 390 400 410 420 

AQKSGRGLLT GKHc|«cWLVL QT P H L 

qcaqqaaagaqtqqqcqtgqactqcttactqqqaagcactgttJv^tggctggtqct 

430 440 450 460 470 480 490 

EFQEGET 1 MLR©HSW KOK PLV 
TGGAGTTCC^GGAGGGAQA^CCATCATGCTGAGGTGCCACAGCTGQAAGGACAAGCCrrCT 

500 510 520 530 540 550 560 

TFFQN GKS QKFSRLDPTFS I PQA 
D^CArrCTTCCAGAATGGAAAATCCCAGAAATTCTCCCGT^ 

570 580 590 600 SIO 620 630 

nhshsgdyh(c)tqniq ytlfsskpv 
aacca(>^gtcacastgqtgattaccact6cacaggaaacatagg 

640 650 660 670 680^ 690 700 

T I t V Q V P S MGSSSPHQ l l^AV^I 
T6ACCy^TCACTGTCCAAGTGCCCAGCATGGGCAGCT(rrTCACCAATGGG(^^ 

710 720 730 740 750 760 770 

ATAUAA I UAAUVAL I YC R K K R I S 
TGCGACT GCT QTAQCAGCCATT GTT GOT GCT GTAGT GG CCTT GAT CTACTGCAGGAA^ 

780 790 800 810 820 830 840 

ANSTDPVKAAQFEPPQRQM I A I RK 
GCCAATTCCACTGATCCTQTQAAQGCTGCCCAATTTGAGCCACCTQGACQTCAAATG^ 

850 860 870 880 890 900 910 

ROLEETNNOYETADGGYMTLNPR 
AGAGACAACrrTGAAGAAACCAACAATGACTATGAAACAGCTGACGGCGGCTACATGACTCTGAACCCCA 

920 930 940 950 960 970 930 

APTDDKN lYLTLPPNDHUN SNN* 
GGt^s^CCTACTGACGATAAAAACATCTACCTGACTCrrTCCTCCCAACGACC^^ 

990 1000 1010 1020 1030 1040 1050 
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Fi gure 11 



GAivri Cl: GOT CCCAGAAaI: CT GT GG CT G CTT 

10 20 30 40 50 ■ 60 70 

-1 +1 

. QAAAPPKAULKLEPPWINULQEOS 
fCAAGCfQCAGCTCCCCCAAAQGCTGTGCTGAAACTTGAGCCCCCQTGGATCAACQTGCT^ 

82 92 . 102 112 122 132 142 

utlt(c)qgarspesdsi qwfhnqnl 
tgtgactctgacatgcc^^qggggctcqcaqccctqagaqcgactccattcagtqqrrccacaatq 

134 164 174 184 194 204 214 

ipthtqpsyrfkannnosqeytOq 

CATTCCCACCCACACGCAGCCCAQCTACAQQTTCAAGGCCAACAACAATGACAQCQGGGAQTACACG^ 

226 236 246 256 266 276 286 

TGQTSLSDPVHLTVL SEWUULQTP 
GACTQQCCAGACCAGCCTCAGCGACCCTGTGCATCTGACTQTGCrrTTCCGAATGGCTGGTGCTCCAG^ 

298 308 318 328 338 348 358 

HLEFQEGET I MLR(c)HSW KOKPL^j K 
TCACCTG6AQTTCCAQGAGGGAGAAACCATCATGCTGAGGTGCCACAGCTGQAAG6ACAAGCCTCTGGTCAA 
370 380 390 400 410 420 430 

V^TFFQNGKSQKFSRLOPTFSI PQA 
Q6TCACATTCTTCCAGAATGGAAAATCCCAGAAATTCTCCCGTTTGGATCCCACCTTCTCCATC 

442 452 462 472 482 492 502 

iJ hSH S G or H(C)T GN I QY T L F S S K P V 
AAACCACAGTD^CAQTQGTGATTACCACTQCACAGGAAACATAQQCTACACQCT 

514 524 534 544 554 564 574 

T I T V Q V" P S MGSSSPMG IIUAV^IA 
GACCATCACTGTCCAAQT6CCCAGCATGGGCAGCTCTTCACCAATGG6GATCATTGTGGCTQTGQTCATTQC 
586 596 606 616 626 636 646 

TAU AA I V^AAV^AL l Y C R K K R I SAN 
6ACTGCTGTAGCAGCCATTGTTGCTGCTGTAGTGGCCTTGATCTACTGCAGGAAAAAGCQGATTTCAGCCAA 

658 668 678 688 698 708 718 

STOPVKA AQFEPPGRQMIAI RKRQ 
TTCCACTQATCCTGTQAAGQCTQCCC^TTTGAGCCACCTGGACGTCAAATQA 

730 740 750 760 770 780 790 

LEETNNDYETAOQQYMTLNP RAPT 
ACTTGAAGAAACCAACAATGACTATGAAACAQCTGACQGCG6CTACATGACTCTGAACCCCAQGGCACCTAC 
802 812 822 832 842 852 862 

ODKN I YLTLPPNDHVNSNN* 
TGACGATAAAAACATCTACCTGACTCTTCCTCCCAACGACCATGTCAACAGTAATAACTA: 
874 884 894 904 914 924 
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Figure 13 
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